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I n t r o d u c t i o n  

The s w e l l i n g  o f  c o a l s  i n  s o l v e n t s  i s  an i m p o r t a n t  t echn ique  f o r  
i n v e s t i g a t i n g  t h e  phys icochemical  s t r u c t u r e  o f  coals .  Fo r  example, s w e l l i n g  has 
been used t o  e s t i m a t e  t h e  s o l u b i l i t y  parameters o f  c o a l s  ( l , Z ) ,  and t o  s tudy t h e  
re1  a t i  ve degrees of cross-1 i n k i  ng (3). 
can a l l o w  f a s t e r  o r  more complete p e n e t r a t i o n  o f  t h e  coa l  by l i q u i d s  o r  by 
substances d i s s o l v e d  i n  t h e  s w e l l i n g  l i q u i d s .  
cons ide rab le  p r a c t i c a l  u t i l i t y  f o r  chemical t rea tmen ts  o f  coal  p r i o r  t o  
processing. 
s o l v e n t s ,  and he c a t e g o r i z e d  a number o f  l i q u i d s  which h i g h l y  swe l l ed  c o a l s  as 
" s p e c i f i c  so lvents . "  
more a c c u r a t e l y  compute t h e  v o l u m e t r i c  expansion o f  ground coal  by so l ven ts  by 
t a k i n g  i n t o  account t h e  p o r o s i t y  o f  t h e  coal .  I n  t h e  s tudy  desc r ibed  here, i n s t e a d  
o f  u s i n g  ground coa l ,  t h e  s o l v e n t - s w e l l i n g  o f  uncontaminated t h i n  s e c t i o n  samples of 
coal  was observed " i n  s i t u . "  Severa l  impor tan t  new r e s u l t s  were obta ined,  and 
i m p l i c a t i o n s  o f  these r e s u l t s  f o r  understanding t h e  macromolecular s t r u c t u r e  of coal 
a r e  discussed. 

Exper imenta l  

p i e c e  o f  t h e  coal  which had been ground f l a t  t o  a g lass  s l i d e  w i t h  a hydrocarbon- 
based wax which i s  s o l u b l e  i n  hexane. 
t o  t h e  bedding plane. The coal  on t h e  s l i d e  was then ground t o  a t h i c k n e s s  o f  about 
15 micrometers. At t h i s  t h i c k n e s s  t h e  coa l  i s  t r a n s l u c e n t  and red co lored.  I n  
o r d e r  t o  o b t a i n  an uncontaminated sample t h e  adhesive was d i s s o l v e d  by soaking i n  
excess hexane and t h e  coa l  was removed f rom t h e  s l i d e .  The sample was then  p laced i n  
f r e s h  s o l v e n t  f o r  seve ra l  days t o  i n s u r e  complete removal o f  any adhesive remain ing 
on t h e  coal. The s o l v e n t  was t h e n  decanted o f f  and t h e  p ieces  o f  t h i n  s e c t i o n  were 
s t o r e d  under d r y  n i t r o g e n  gas a t  room temperature u n t i l  t hey  were used. 

s e c t i o n  coal samples d u r i n g  exper iments and a Wi ld  Photoautomat MPS 50 system was 
used f o r  t h e  photomicrography. 
r a t i n g  of 400 d a y l i g h t  was used. 
i n  f r o n t  of a 50 w a t t  L e i t z  tungsten-halogen i l l u m i n a t o r .  

p y r i d i n e  and e thy lened iamine  s w e l l i n g  agents was as fo l l ows .  
p laced  i n  t h e  sha l l ow  depress ion o f  a s p e c i a l l y  prepared microscope s l i d e  and a 
photomicrograph was taken  of t h i s  u n t r e a t e d  sample. Next t h e  depress ion c o n t a i n i n g  
t h e  t h i n  s e c t i o n  was f i l l e d  w i t h  t h e  s w e l l i n g  agent u s i n g  a hypodermic sy r inge ,  and 
a cover  g lass was used t o  seal t h e  enc losure.  
was noted, and, i f  necessary, t h e  sample was r e l o c a t e d  and refocused i n  t h e  
microscope. 
I n  o r d e r  t o  dry  t h e  swo l l en  samples, t h e  cover  g lass  over  t h e  sample was s i m p l y  
removed t o  a l l o w  d r y i n g  i n  a i r  a t  room temperature. 

Swel l  i ng expands t h e  coal  s t r u c t u r e  and t h i s  

Th is  behav io r  i s  p o t e n t i a l l y  o f  

Dryden (4,5,6,7) has s t u d i e d  t h e  s w e l l i n g  o f  c o a l s  i n  numerous 

Nelson, Mahajan, and Walker (8) have developed procedures t o  

T h i n  s e c t i o n  samples o f  I l l i n o i s  #6 coa l  were prepared by cementing a 

The f l a t  s u r f a c e  was prepared pe rpend icu la r  

A L e i t z  O r t h o l u x  I1 - Pol  BK microscope was used t o  observe t h e  t h i n  

High speed Kodak Ektachrome f i l m  hav ing  an ASA 
For  t h e  l i g h t  source, a CB 12 b l u e  f i l t e r  was used 

The procedure f o r  exposing a fragment o f  coal t h i n  s e c t i o n  t o  l i q u i d  
The t h i n  s e c t i o n  was 

The t i m e  o f  a d d i t i o n  o f  t h e  l i q u i d  

Photomicrographs o f  t h e  sample were then  taken  as a f u n c t i o n  o f  time. 

I n  t h e  case o f  2-propy lamine,  
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s w e l l i n g  o f  t h e  t h i n  s e c t i o n s  o f  coal  was accomplished by exposure t o  t h e  vapor o f  
t h e  so l ven t  i n  a small  g lass  r i n g  enc losure which r e s t e d  on a microscope s l i d e .  
sample was p laced  i n  t h e  c e n t e r  of t h e  enc losu re  and a p i e c e  o f  T e f l o n  sheet was 
p laced  next  t o  it. A t  t h e  s t a r t  o f  an exper iment  a drop o f  pyropy lamine was p laced  
on t h e  Te f lon ,  b u t  no t  t o u c h i n g  t h e  sample, and a #O cover  g lass  was immediate ly  
p laced  on t o p  o f  t h e  r i n g  t o  fo rm a c losed  system. 

t h i n  sec t i ons  were made on t h e  photomicrographs. 
i n f o r m a t i o n  on th i ckness ,  b u t  s ince  t h e  samples were prepared w i t h  t h e  su r face  
pe rpend icu la r  t o  t h e  bedding plane, i t  was assumed t h a t  t h e  degree of s w e l l i n g  
p e r p e n d i c u l a r  t o  t h e  su r face  i s  w i t h i n  t h e  range o f  l i n e a r  expansions observed 

1 p a r a l l e l  t o  t h e  sur face.  

R e s u l t s  \ -  

The 

Measurements o f  t h e  l i n e a r  dimensions o r  area o f  t h e  d ry  o r  swol len coal  
The photographs g i v e  no 

" I n  s i t u "  obse rva t i ons  o f  t h e  d imensional  s w e l l i n g  o f  t h i n  s e c t i o n s  o f  
r e l a t i v e l y  homogeneous v i t r i n i t e  f rom I l l i n o i s  #6 coal  were made w i t h  four  d i f f e r e n t  
l i q u i d s :  p y r i d i n e ,  e thy lenediamine,  i - p r o p y l a m i n e ,  and water. I n  a d d i t i o n ,  t h e  
degree o f  shr inkage which occu r red  when t h e  l i q u i d  was a l l owed  t o  evaporate was a l s o  
s t u d i e d  w i t h  some o f  t hese  s w e l l i n g  agents. 

The sample used f o r  t h e  s w e l l i n g  i n  p y r i d i n e  i s  shown i n  F i g u r e  1; i t  was 
about 0.5 mm across. The sample was p laced  i n  t h e  depress ion o f  t h e  s p e c i a l  
microscope s l i d e ,  covered w i t h  a cover s l i p  and immersed i n  p y r i d i n e .  
seconds t h e  sample was f u l l y  swollen. 
14 a d d i t i o n a l  minutes. 
m inu tes  exposure t o  p y r i d i n e .  
has expanded apprec iab ly .  
o f  t h e  sample f o l d e d  over  d u r i n g  rea l i gnmen t ) .  
sample. The cracks a r e  p robab ly  t h e  r e s u l t  o f  s t resses  caused by nonuni form 
s w e l l i n g .  I n  t h i s  case i t  i s  u n l i k e l y  t h a t  t h e  s t resses  were caused by d i f f e r e n c e s  
i n  e q u i l i b r i u m  s w e l l a b i l i t y  o f  d i f f e r e n t  areas because t h e  sample was r e l a t i v e l y  
homogeneous. The shape o f  t h e  swe l l ed  sample i s  c l o s e  t o  t h e  i n i t i a l  specimen; 
though, t h e r e  was s l i g h t l y  more expansion i n  t h e  d i r e c t i o n  pe rpend icu la r  t o  t h e  
bedding plane. T h i s  i s  seen more c l e a r l y  i n  F i g u r e  3 where t h e  i n i t i a l  and swe l l ed  
samples a re  superimposed. The inc rease  i n  area o f  t h e  swe l l ed  sample i s  r o u g h l y  70 
pe rcen t  which corresponds t o  a volume inc rease  o f  about 125 percent .  

W i th in  60 
There was no n o t i c a b l e  change i n  s i z e  a f t e r  

F i g u r e  2 shows a photomicrograph o f  t h e  sample a f t e r  15 
Comparing F i g u r e s  1 and 2, i t  i s  seen t h a t  t h e  sample 

(The da rke r  r e g i o n  on t h e  l e f t  s i d e  i s  where a smal l  p a r t  
A few c racks  have developed i n  t h e  

Ethy lenediamine was used t o  t r e a t  a d i f f e r e n t  t h i n  s e c t i o n  sample o f  
I l l i n o i s  #6 v i t r i n i t e .  The i n i t i a l  sample i s  shown i n  F i g u r e  4. It i s  about 0.7 nun 
across. When immersed i n  ethy lenediamine t h e  specimen f u l l y  swe l l ed  w i t h i n  100 
seconds. No change was observed d u r i n g  an a d d i t i o n a l  11 minu tes  
exposure. 
exposure t o  t h e  ethy lenediamine.  
r o u g h l y  60%. 
3/2 power o f  t h e  area, t hen  t h e  volume expansion i s  about 100%. 

t h e  cover  g lass  was removed and a d d i t i o n a l  e thy lened iamine  was p l a c e d  on t h e  
sample. 
under  t h e  microscope. 
s u b s t a n t i a l l y  more f l e x i b l e  than t h e  o r i g i n a l  sample. 

I l l i n o i s  #6 v i t r i n i t e .  The p i e c e  was about 0.5 mn across. The i n i t i a l  sample i s  
shown i n  F igu re  6. 
w i t h  t h e  vapors. 

The l a s t  photomicrograph shown i n  F i g u r e  5, was taken  a f t e r  12.5 minutes 
For  t h i s  sample t h e  t o t a l  area expansion i s  

I f  t h e  i nc rease  i n  t h e  volume i s  approx imated as be ing  equal t o  t h e  

Another t h i n  s e c t i o n  sample was f u l l y  swe l l ed  i n  ethy lenediamine.  Then 

The immersed sample was manipulated w i t h  microprobes w h i l e  be ing observed 
The sample cou ld  be bent  cons ide rab ly  and was observed t o  be 

Normal propy lamine vapor was used t o  s w e l l  another  t h i n  s e c t i o n  sample o f  

The sample was f u l l y  swo l l en  a f t e r  l e s s  than  30 seconds con tac t  
I n  F i g u r e  7 a s u p e r p o s i t i o n  o f  t h e  o r i g i n a l  sample and t h e  sample 
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s w e l l e d  i n n - p r o p y l a m i n e  vapor i s  shown. 
s u b s t a n t i a l l y .  
shape of t h e  expanded sample i s  very  c l o s e  t o  t h a t  o f  t h e  o r i g i n a l  sample. 

A f t e r  l e a v i n g  t h i s  sample exposed t o  t h e n - p r o p y l a m i n e  vapors i n  t h e  
c l o s e d  system f o r  a t o t a l  o f  rough ly  2 minutes,  t h e  propy lamine was removed and t h e  
sample was a l l owed  t o  d r y  i n  t h e  ambient a i r .  
o f  t h e  shr inkage occu r red  w i t h i n  a few seconds and i n  l e s s  than  30 seconds t h e  
sample had shrunken f u l l y .  D u r i n g  sh r inkage  a few c racks  formed i n  t h e  sample. 
F i g u r e  8 i s  a s u p e r p o s i t i o n  of t h e  i n i t i a l  sample and t h e  shrunken sample a f t e r  
d ry ing .  The l a r g e r  sample i n  F i g u r e  8 i s  t h e  r e d r i e d  sample. The shape o f  t h e  
shrunken sample i s  q u i t e  c l o s e  t o  t h a t  o f  t h e  i n i t i a l  sample. 

It i s  seen t h a t  t h e  sample has expanded 
R e l a t i v e l y  l i t t l e  c r a c k i n g  occu r red  d u r i n g  t h e  expansion, and t h e  

The sh r inkage  occu r red  r a p i d l y .  Most 

The shrunken sample was s w e l l e d  i n  t h e  A-propy lamine vapor a second 
t ime. 
sample. Th is  sample was then  a l l owed  t o  d ry  again. Th is  second shrunken sample was 
a lmost  i d e n t i c a l  t o  t h e  f i r s t  shrunken sample. 

A measurement o f  t h e  s w e l l i n g  i n  water  o f  a p i e c e  o f  t h i n  s e c t i o n  was a l s o  
made. No changes i n  t h e  dimensions o f  t h e  sample were ev ident .  

D iscuss ion  

The r e s u l t a n t  swo l l en  specimen was a ve ry  c l o s e  r e p l i c a  o f  t h e  f i r s t  swol len 

The s w e l l i n g  o f  chunks of b i t um inous  and subbi tuminous coa ls  i n  h i g h l y  
e f f e c t i v e  s w e l l i n g  agents such as ethy lenediamine,  p y r i d i n e ,  o r  propy lamine i s  
o r d i n a r i l y  accompanied by massive c r a c k i n g  and d i s t o r t i o n  o f  t h e  coa l  s t r u c t u r e .  
F i g u r e  9 shows an example o f  such s w e l l i n g  i n  propylamine. 
resemblance between t h e  o r i g i n a l  .sample and t h e  swo l l en  sample. 
a f t e r  p i c t u r e s  a r e  d r a m a t i c a l l y  d i f f e r e n t  f rom t h e  r e s u l t s  o f  our  study. The 
occurrence o f  o n l y  a few l a r g e  c racks  and t h e  good r e t e n t i o n  o f  shape i n  t h e  swollen 
t h i n  sec t i ons  i n  t h i s  s tudy  had n o t  been a n t i c i p a t e d .  
i n  t h i s  study a p p a r e n t l y  tended t o  reduce f r a c t u r i n g  o f  t h e  samples i n  seve ra l  
ways: (a) i t  caused t h e  p e n e t r a t i o n  o f  t h e  s w e l l i n g  agent i n t o  t h e  coal  t o  be r a p i d  
and f a i r l y  u n i f o r m  over  t h e  area o f  t h e  sample so t h a t  uneven s w e l l i n g  o f  t h e  sample 
was minimized; (b) t h e  th inness  o f  t h e  samples l i m i t e d  t h e  d i s t a n c e  over  which 
l i q u i d  c o n c e n t r a t i o n  g r a d i e n t s  c o u l d  develop p e r p e n d i c u l a r  t o  t h e  su r face  so any 
s t resses  b u i l t  up from s w e l l i n g  g r a d i e n t s  p e r p e n d i c u l a r  t o  t h e  su r face  would be l e s s  
l i k e l y  t o  induce f r a c t u r e ;  and (c )  d u r i n g  s w e l l i n g  t h e  very t h i n  samples cou ld  f l e x  
app rec iab l y  w i t h o u t  f r a c t u r i n g - - e s p e c i a l l y  t h e  reg ions  o f  t h e  sample which had 
a l r e a d y  swelled. 
t h e  t h i n  s e c t i o n  cou ld  deform out  o f  t h e  p lane o f  t h e  sample and thereby prevent  
excess ive s t resses  f rom developing.  

swo l l en  sample was d r i e d  was s l i g h t l y  l a r g e r  than  t h e  i n i t i a l  sample. Th is  increase 
i n  s i z e  was p robab ly  caused by propy lamine r e t a i n e d  i n  t h e  d r i e d  specimen. 
r e s u l t  i s  c o n s i s t e n t  w i t h  t h e  work o f  C o l l i n s  e t .  a l .  (9)  who found t h a t  10 t o  15 
Percent  of va r ious  amines remained i n  coa ls  even  a R e r  exposure t o  vacuum a t  room 
temperature f o r  many hours. 

A f t e r  t h e  i n i t i a l  s w e l l i n g  and s h r i n k i n g  o f  t h e  I l l i n o i s  #6 coal  i n  
propy lamine vapor, subsequent s w e l l i n g  and s h r i n k i n g s  were c l o s e  r e p l i c a s  o f  t h e  
p r e v i o u s l y  swo l l en  o r  shrunken s t a t e s  r e s p e c t i v e l y .  
r e v e r s i b i l i t y  i s  an i m p o r t a n t  r e s u l t  o f  t h i s  s tudy;  r e v e r s i b i l i t y  i s  r e q u i r e d  f o r  
t h e  thermodynamic t rea tmen t  o f  so l  ven t - swe l l  i ng. 

expanded w i t h  y J r o p y l a m i n e  g i ves  an  impor tan t  c l u e  t o  t h e  i n t e r a c t i o n  o f  t h e  

There i s  l i t t l e  
These b e f o r e  and 

The t h i n n e s s  o f  t h e  samples 

Therefore,  i f  s t r e s s e s  were generated d u r i n g  s w e l l i n g ,  p a r t s  o f  

I n  t h e  exper iment  i n  propy lamine vapor t h e  sample ob ta ined  when t h e  f i r s t  

Th i s  

The h i g h  degree o f  

The rap idness w i t h  which t h e  sh r inkage  occu r red  i n  t h e  t h i n  s e c t i o n s  
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s o l v e n t  w i t h  t h e  coal .  Most of t h e  shr inkage takes  p l a c e  l e s s  than  5 seconds a f t e r  
removal o f  t h e  cover glass. Dur ing  t h i s  s h o r t  d r y i n g  t i m e  a t  room temperature i n  
a i r  n o t  on ly  d i d  t h e  propy lamine evaporate f rom t h e  sample, b u t  a l s o  t h e  excess 
l i q u i d  around and under t h e  sample evaporated. Th is  r a p i d  shr inkage i n d i c a t e s  t h a t  
t h e  l i q u i d  which causes most of t h e  s w e l l i n g  i s  m o b i l e  and i s  n o t  s t r o n g l y  bound t o  
t h e  coal .  

, 

Al though most of t h e  imbibed propy lamine s o l v e n t  i s  mobi le ,  i t  i s  l i k e l y  
t h a t  e n e r g e t i c  i n t e r a c t i o n s  between a t  l e a s t  some o f  t h e  s o l v e n t  molecules and t h e  
coa l  p l a y  an impor tan t  r o l e  i n  t h e  s w e l l i n g  phenomenon. 
expand, t h e  macromolecular chains must be a b l e  t o  r e o r i e n t .  However, coal  has a 
very r i g i d  s t r u c t u r e .  E a r l i e r  i t  was no ted  t h a t  t h e  swo l l en  coa l  i s  more f l e x i b l e  

s o l v a t e d  by t h e  s w e l l i n g  agent and t h i s  enables t h e  s w e l l i n g  t o  t a k e  p lace  by 
r e o r i e n t a t i o n  o f  macromolecular chains. 

i n d i c a t e s  t h a t  t h e  bonding i s  s i g n i f i c a n t l y  d i f f e r e n t  i n  t h e  d r y  and t h e  s w o l l e n  
coal .  The e f f e c t i v e  mo lecu la r  weight  between c r o s s - l i n k s  f o r  t h e  h i g h l y  swo l l en  
coal samples i s  t h e r e f o r e  s u b s t a n t i a l l y  g r e a t e r  t han  f o r  t h e  o r i g i n a l  d r y  sample. 
Th is  suggests t h a t  t h e  u n d i r e c t i o n a l  e l a s t i c i t y  o f  t h e  swo l l en  sample may have much 
more of an e n t r o p i c  n a t u r e  than  t h a t  o f  t h e  o r i g i n a l  sample. Indeed, if t h e  
s w e l l i n g  i n v o l v e s  p r i m a r i l y  an ex tens ion  o f  macromolecular chains,  t hen  t h e  
e l a s t i c i t y  o f  t h e  swo l l en  coal  should be s u b s t a n t i a l l y  e n t r o p i c .  It may t h e r e f o r e  
be p o s s i b l e  t o  e s t i m a t e  t h e  c r o s s - l i n k  d e n s i t y  f o r  h i g h l y  swo l l en  coal  from a 
measurement o f  i t s  modulus. R e s u l t s  o f  modulus measurements on swo l l en  coa ls  w i l l  
be r e p o r t e d  i n  a f u t u r e  paper. 

Conclus ions 

I n  o r d e r  f o r  t h e  coa l  t o  

I than d r i e d  coal .  Some bonds which a r e l p r e s e n t  i n  t h e  d r y  coal  a r e  apparen t l y  

\ 

The s u b s t a n t i a l  decrease i n  modulus which occurs upon s w e l l i n g  of t h e  coal 

Th in  s e c t i o n  samples of r e l a t i v e l y  homogeneous v i t r i n i t e  f rom a h i g h  
v o l a t i l e  C b i tuminous coa l  have been found t o  swe l l  wi th goad shape r e t e n t i o n  and 
w i t h o u t  s u b s t a n t i a l  f r a c t u r i n g  i n  seve ra l  good s w e l l i n g  agents. The s w e l l i n g  i n  
propy lamine has a h i g h  degree o f  r e v e r s i b i l i t y  and r a p i d  sh r inkage  o f  t h e  sample 
occurs when t h e  v o l a t i l e  propy lamine i s  a l l owed  t o  evaporate i n  a i r .  The samples 
swo l l en  i n  t h e  s p e c i f i c  so l ven ts  a re  s u b s t a n t i a l l y  more f l e x i b l e  than  e i t h e r  t h e  
o r i g i n a l  samples o r  t h e  d r i e d  samples ( a f t e r  swe l l i ng ) .  The l a c k  o f  f r a c t u r i n g  and 
d i s t o r t i o n  probably  r e s u l t s  f rom t h e  homogeneity and t h i n n e s s  o f  t h e  samples. 

exposure t o  a s w e l l i n g  agent and shrunken by d ry ing .  The success ive swo l l en  samples 
( o r  d r i e d  samples) a r e  c l o s e  r e p l i c a s  o f  each o the r .  The rap idness wi th  which t h e  
shr inkage o f  t h e  n -p ropy lamine  swe l l ed  samples occu r red  i n d i c a t e s  t h a t  most o f  t h e  
l i q u i d  causing s w e l l i n g  has o n l y  a weak i n t e r a c t i o n  w i t h  t h e  coal .  
good s w e l l i n g  agents weaken t h e  secondary bonding i n  t h e  coal  and enable a h i g h  
degree o f  swe l l i ng .  
w i t h  some o f  t h e  f u n c t i o n a l i t i e s  o f  t h e  coal. 

I Th in  s e c t i o n  samples o f  coa l  can be repea ted ly  and r e v e r s i b l y  swo l l en  by 

However, t h e  

T h i s  may i n v o l v e  a s t r o n g  i n t e r a c t i o n  o f  p a r t  o f  t h e  s o l v e n t  

The i n c r e a s e  i n  t h e  f l e x i b i l i t y  o f  t h e  coa l  t h i n  s e c t i o n s  when they  a r e  
swo l l en  suggests t h a t  t h e  e l a s t i c i t y  o f  h i g h l y  swol len coa l  may be s u b s t a n t i a l l y  
e n t r o p i c  even i f  t h e  e l a s t i c i t y  o f  t h e  ( h i g h e r  modulus) d r y  coa l  i s  not. 
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Fig .  1 .  

0 . 5 m  across  

Thin s e c t i o n  sample of I l l i n o i s  "6 c o a l  about 

F i g .  2 .  Thin s e c t i o n  a f t e r  15 min. immersion i n  l iquid  

pyridine 
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. 1' 

F i g .  3. Superpos i t ion  of untreated sample and a f t e r  

immersion i n  pyridine  for 15 min. 

- 
F i g .  4 .  

0.7mm across 

Thin s e c t i o n  sample of I l l i n o i s  "6 c o a l  about 
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\ 

Fig. 5. Thin section after 12.5 min. immersion in 

liquid ethylenediamine 

F i g .  6. 
about 0.5mm across 

Thin section sample of Illinois "6 coal 
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F i g .  7 .  Superpos i t ion  o f  untreated sample and expanded 

sample a f t e r  s w e l l i n g  i n  E-propylamine vapor 

F i g .  8 .  Superposit ion of  untreated sample and dried 

sample 
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F i g .  9 .  

before and a f t e r  overnight immersion i n  propylamine 

Chunk of I l l i n o i s  “6 c o a l  about loam across  
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